/day for four days, lenalidomide 10 mg/day for 21 days and dexamethasone 20-40 mg once a week every 28 days for a total of 12 cycles. Sixteen subjects were enrolled of whom 14 completed at least 3 cycles and were evaluable for response. Grade 3/4 toxicities were experienced by 88% (n=14), the most common being myelosuppression (n=7). Dose reductions occurred in 85% (n=12 of 14) of subjects. Hematologic partial and complete responses were achieved by 43% (n=6 of 14) and 7% (n=1 of 14), respectively. The median overall survival has not been reached and median progression-free survival is 24 months. In conclusion, this combination is associated with significant myelosuppression leading to dose modifications and producing minor hematologic responses in AL amyloidosis. http://clinicaltrials.gov/ct2/show/NCT00679367 ABSTRACT ARTICLES Amyloidosis
Introduction
Immunoglobulin light chain amyloidosis (AL) is a plasma cell dyscrasia characterized by deposition of amyloid fibrils in various organs and tissues, derived from monoclonal light chains, leading to organ dysfunction. [1] [2] [3] High-dose melphalan with autologous stem cell transplant (HDM/SCT) is an effective treatment with high complete hematologic response rates (CR) and is capable of producing durable remissions and prolonged overall survival. [4] [5] [6] Only selected patients are eligible to receive HDM/SCT, and treatment-related mortality is in the range of 5-15%. More effective and widely applicable treatment modalities in AL amyloidosis are, therefore, needed.
Clinical trials of alternate treatment options have tested non-transplant melphalan-based strategies and novel therapeutics such as lenalidomide and bortezomib. Oral melphalan and dexamethasone (M-Dex) is a standard regimen for patients not eligible to receive HDM/SCT; reported complete response rates range from 13% to 33% and median overall survival ranges from 10.5 to 61.2 months. [7] [8] [9] The efficacy and side effect profile of lenalidomide in multiple myeloma have prompted investigators to study its utility in AL amyloidosis. Lenalidomide and dexamethasone for AL amyloidosis have been evaluated in several phase II studies, with CR ranging from 29% to 42% by intention-to-treat analysis and a median time to response of six months. 10, 11 However, it should be noted that lenalidomide has unique toxicities in patients with this disease and the maximum tolerated dose is 15 mg/day, which is lower than the dose usually initially employed in the treatment of multiple myeloma.
In an effort to improve efficacy while maintaining tolerability, the opportunity for synergy is raised with melphalan and lenalidomide in combination with dexamethasone. This proof-of-concept has already been established in myeloma, and was recently studied by Moreau et al. in AL amyloidosis. 12, 13 Furthermore, combination regimens of alkylating agents and novel agents such as bortezomib, melphalan and dexamethasone, and, recently, lenalidomide, cyclophosphamide and dexamethasone (CRd, RdC) have also shown activity in phase II trials and are currently being compared to melphalan and dexamethasone in phase III trials. 14, 15 We designed a prospective phase II trial of melphalan, lenalidomide and low-dose dexamethasone (MLd) for the treatment of patients with AL amyloidosis. The primary end points were to assess the hematologic response rate, toxicity and tolerability of this regimen; secondary end points were to assess the organ response and overall survival.
Design and Methods

Eligibility criteria
Eligible patients were 18 years or older with biopsy-proven amyloidosis alongside evidence of a plasma cell dyscrasia evidenced by: a) monoclonal gammopathy by serum electrophoresis, immunofixation, free light chain assay or by urine immunofixation; and/or b) plasmacytosis in bone marrow of clonal origin. Those with a history of familial amyloidosis, evidence of secondary amyloidosis or concurrent overt multiple myeloma (> 30% plasma cells in bone marrow biopsy or lytic bone lesions) were excluded. Other inclusion criteria included a platelet count over 100 x 10 9 /L, absolute neutrophil count over 1.5 x 10 9 /L, AST/ALT less of 1.5 mg/dL than twice the upper limit of nor- 
Treatment schedule
The treatment schedule consisted of melphalan 5 mg/m 2 /day for four days, lenalidomide 10 mg/day for 21 days, and dexamethasone 40 mg once weekly for a 28-day cycle, for 12 cycles or until disease progression or development of unacceptable toxicity. All patients received aspirin 325 mg/day to decrease the risk of venous thromboembolism associated with lenalidomide, and also a proton pump inhibitor to minimize gastritis associated with steroid use. All dose reductions for non-hematologic toxicities were prompted by The National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE) v3.0 grade 3 or 4 toxicities and performed in a stepwise fashion, with lenalidomide and dexamethasone reduced by 50% each time and melphalan by 25% each time. For any hematologic toxicity, lenalidomide and melphalan were reduced similarly by 50% and 25%, respectively, in an alternating fashion starting with lenalidomide. Patients unable to tolerate the minimum dose of any treatment agent had that agent discontinued. Routine antibiotic, antiviral or antifungal prophylaxis was not mandatory and was left to the discretion of the treating physician. All patients meeting eligibility criteria who had signed consent and completed at least 3 cycles of treatment were evaluated for response.
Response and toxicity assessment
The response criteria for hematologic and clinical/organ response used were standards defined by the consensus opinion from the X th International Symposium on Amyloid and Amyloidosis. 16 A hematologic complete response (CR) was defined as an absence of monoclonal protein in serum and urine by immunofixation electrophoresis, a normal bone marrow biopsy with less than 5% plasma cells without clonal dominance of κ or λ isotope, and a normal immunoglobulin serum free light chain ratio. A hematologic partial response (PR) was defined as a 50% or more improvement in quantifiable measures of plasma cell dyscrasia (i.e. marrow plasmacytosis, monoclonal (M) spike, urine free light chain excretion and serum free light chain ratio).
Hematologic responses were measured at three, six, nine months and at completion of 12 cycles of protocol-directed treatment. Organ responses were measured at the same time points.
Safety analysis
Safety analysis was performed on a weekly basis during protocol directed treatment and within 30 days of protocol completion or termination. Toxicity and adverse event data were recorded and graded using CTCAE v3.0. These data were monitored by the Data Safety Monitoring Board (DSMB) which is a multidisciplinary group consisting of the principal investigator and members of the Amyloid Treatment and Research Program at Boston University to ensure toxicities did not warrant termination of the study. This clinical trial was stopped prior to completion of the accrual goal of 35 patients due to toxicities and limited efficacy.
Results and Discussion
Sixteen subjects with AL amyloidosis were enrolled from May 2008 to June 2011. Median age was 70 years (range 57-84) and there were 11 women. There were 10 (63%) patients with λ clonal plasma cell dyscrasia. The median number of organs involved was 2 (range 1-5). There were 11 subjects (69%) with cardiac, 9 (44%) with renal and 4 (25%) with hepatic involvement. Of the subjects with cardiac involvement, 9 (81%) had cardiac biomarker stage II or III defined by either a troponin I over 0.1 ng/mL or brain natriuretic peptide (BNP) level over 100 pg/mL or both. Of subjects with renal involvement, median 24-h urine protein excretion was 4056 mg (range 856-9511). Median time from initial diagnosis to enrollment in the clinical trial was five months (range 1-50). Five subjects (31%) had received prior therapies: 2 HDM/SCT, 2 bortezomib + dexamethasone and 1 lenalidomide + dexamethasone prior to enrollment in this study (Table 1) .
Treatment duration, dose modifications and hematologic outcomes for each patient are summarized in Figure 1 . Of the 16 patients enrolled, 14 completed at least 3 cycles and were evaluable for response. Two patients who could not complete 3 cycles died within three months of enrollment. The median number of cycles received was 6 (range 1-12). Four patients (25%) completed 12 cycles of treatment as planned. Dose reductions occurred in 85% (n=12 of 14) subjects. Initial dose reductions in dexamethasone, lenalidomide, and melphalan occurred at a median of 2, 3 and 6 cycles respectively. Seventy-nine percent of patients (n=11 of 14) required a dose reduction of lenalidomide, 50% (n=7 of 14) required a dose reduction of both lenalidomide and dexamethasone and 43% (n=8 of 14) required a reduction in melphalan. The average patient underwent 2.5 dose reductions (range 0-5) over the treatment duration. The most common reason for lenalidomide dose reduction was myelosuppression.
Adverse events for each patient are illustrated in Table 2 .
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790 haematologica | 2013; 98(5) A total of 4 patients were withdrawn from study: one was unable to comply with oral drug regimen due to G-tube placement, one due to grade 3 neutropenia, and 2 refused treatment by choice. All other subjects were continued on treatment to study completion, evidence of disease progression or death. Five subjects died: 3 within 100 days of treatment and 2 during follow up. Grade 3 and 4 toxicities were experienced by 88% (n=14 of 16) of subjects. Fiftyseven percent (n=8 of 14) of these subjects also had concomitant grade 3 or 4 hematologic toxicity with myelosuppression (n=7 of 8), thrombocytopenia (n=3 of 8) and/or anemia (n=2 of 8). Four patients developed infection during treatment (1 pneumonia and 3 sepsis), 3 (75%) of whom had associated grade 3 or 4 myelosuppression, and all of whom responded successfully to parenteral antibiotics. Additionally, 31% (n=5 of 16) experienced grade 3 fatigue as the most common non-hematologic side effect, 2 of 11 patients with cardiac involvement had grade 3 heart failure, and 2 patients with prior renal involvement went into grade 3 renal failure. One patient with renal failure who was compliant with prescribed aspirin thromboprophylaxis developed grade 3 venous thromboembolism while also receiving an erythropoietic stimulating agent. A hematologic response was achieved by 50%, with partial responses (PR) and complete responses (CR) of 43% (n=6 of 14) and 7% (n=1 of 14), respectively. All responses were evident within three months of initiating protocol-directed treatment.
Organ response or progression was measured by comparing the final organ-specific laboratory value with the baseline value at the time of enrollment. Renal involvement was noted to be improved or stable in 8 of 9 patients with 5 patients having more than 30% reduction and one patient meeting consensus criteria with more than 50% reduction in 24-h urinary protein excretion. Progression of hepatic involvement was characterized by an over 50% increase in alkaline phosphatase in 2 of 4 patients per consensus criteria. 19 Lastly, in patients with cardiac involvement, 7 of 11 were noted to have an over 30% increase in both troponin I and BNP. There was no patient with cardiac involvement with organ response based on consensus criteria. However, we and others have described a paradoxical elevation of BNP in the setting of lenalidomide use, and thus the BNP is not a reliable predictor of disease progression in this setting.
20,21 Accordingly, 2 of 6 patients with both cardiac and renal involvement had an over 30% increase in troponin I and BNP despite an over 30% decrease in 24-h urine protein excretion.
The median overall survival has not been reached with a median follow up of 34 months and the median progression-free survival is 24 months (Figure 2) .
In summary, MLd led to an average of 2.5 dose reductions, frequent toxicities of myelosuppression and fatigue while providing an overall hematologic response rate of 50% in patients with AL amyloidosis.
The response rate does not appear to be superior to that seen with the use of lenalidomide plus dexamethasone alone or to melphalan plus dexamethasone alone. 7, 10, 11 However, a higher rate of myelosuppression was seen with the combination. Side effects in this trial were greater than those seen in a previously reported study by Moreau et al. that may reflect the higher median age (70 years compared with 57 years in the French study). In that study, a higher lenalidomide dose was used, perhaps accounting for the higher response rate (75%, with a CR of 42%). 13 Thus, the combination regimen may be more suitable for younger patients. Adding cyclophosphamide to lenalidomide appears to be better tolerated, and might be a more suitable combination for a wide range of patients. 14, 15 Of the two studies, the phase II study by Kumar et al. serves as the best comparison, as their study population had a median age of 64 years, a median of 2 organs involved, 63% of patients had cardiac involvement, and 31% were pre-treated. They achieved an overall response of 60%, with 40% very good partial response (VGPR) or greater. However, grade 3 or 4 toxicity was still 74% and dose reductions in lenalidomide were still required for most patients.
In conclusion, the combination of MLd required dose reductions to avoid high-grade myelosuppression and other toxicities and produced response rates that were no better than either melphalan or lenalidomide alone at higher doses, at least in this patient population. This clinical trial had to be stopped prior to the accrual goal by the investigators due to toxicities with limited efficacy. Addition of agents that may be synergistic with M-Dex (e.g. bortezomib) and do not cause significant myelotoxicity may provide a better tolerated 3-drug combination in AL amyloidosis.
